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INTRODUCTION 
The Eleven Node Thermal Model ( G E M )  of the Get Away Special (GAS) container 
was or iginal ly  developed based on the resul ts  o f  thermal t e s t s  of the GAS con- 
tainer.  The model was then used in the thermal analysis and design of several 
NASA/GSFC GAS experiments, including the Flight Verification Payload ( F V P ) ,  the 
Ultra-Violet Experiment ( U V X ) ,  and  the Capillary Pumped Loop (CPL) .  
The enclosed model description de ta i l s  the f ive  cubic foot container b o t h  w i t h  
and without an insulated end cap. Mass specific heat values a re  also given so t h a t  
t ransient  analyses can be performed. A sample problem for each configuration is  
included as  well so that  GEM users can verify their  computations. The model can be 
run on most PC s i ze  computers with a thermal analyzer solution routine. 
CONTAINER WITH THE INSULATED END CAP 
The thermal model for  the container with the insulated end cap i s  presented i n  
Figure 1 with a nodal l i s t i ng  given i n  Table 1. 
sented by three nodes, a n d  the t o p  and bottom end plates have one node each. 
side insulation i s  represented by one node and the end caps have two nodes each. 
The external environment (node 11) represents the boundary condition for  the model. 
This i s  a fixed (constant) temperature node which i s  s e t  t o  a temperature level 
obtained from the GAS container equilibrium temperature table given on page 67 of 
the GAS experimenter handbook (Red book - reference 1). 
were determined by extensive computer analysis and  f l i g h t  d a t a .  
The container cylinder i s  repre- 
The 
These boundary conditions 
The conduction couplings for  the model are given i n  Table 2. Additional 
The conductive 
couplings may be added depending on the unique payload configuration being modeled, 
such as payload couplings to  the top mounting plate (node 1) .  
coupling from the GAS conta iner  t o  the  GAS a d a p t e r  beam is not  included i n  t h e  
in te res t  of simplifying the model. 
thermal conductance t o  a m i n i m u m  i n  t h i s  area. 
Furthermore, f iberglas isolators reduce the 
The external radiative couplings a re  given i n  Table 3 .  These values represent 
the radiat ive couplings from the container t h r o u g h  the insulation system t o  the 
external environment. These values stay fixed regardless of the internal payload 
configuration. 
The internal radiative couplings for  an empty container w i t h  no payload are 
given i n  Table 4. 
program contained in the Simp1 ified Shuttle Payload Thermal Analyzer (SSPTA). 
calculations were based on GAS container internal dimensions of 20 inches in dia- 
meter by 31.25 inches long. 
0.80 (anodized aluminum). 
will change dramatically when a payload i s  introduced into the container as will 
be shown in the following example. 
These values were determined by the geometrical view factor 
The 
The internal surface emittance of the container i s  
I t  should be noted t h a t  the internal radiative couplings 
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EXAMPLE PROBLEM 1 
A cylindrical experiment payload i s  mounted t o  the experiment m o u n t i n g  plate  
with conductive isolators.  I t  i s  15.5 inches in diameter by 28 inches long and 
painted black (surface emittance i s  0.85). The payload i s  represented by node 1 2  
i n  Figure 2 and Table 1. This i s  the same example payload t h a t  was used in the GAS 
Motorized Door Assembly (MDA) Thermal Design Guide (reference 3 ) .  
Since th i s  payload i s  conductively isolated from the experiment mounting plate,  
no additional conductive couplings are  required. 
cations t o  the internal radiative couplings as shown in Table 5,  due t o  the in- 
fluence of the experiment payload. 
given in Table 4. The radiative couplings were again determined using the SSPTA 
program, although they had t o  be modified from the MDA thermal analysis t o  corre- 
spond t o  the nodal breakdown of the GAS Eleven Node Model ( G E M ) .  The radiative 
couplings may be hand calculated or  estimated i f  necessary, however, t h i s  can be 
somewhat tedious and inaccurate depending on the complexity of individual payload 
thermal models. 
However, there are  large modifi- 
These couplings replace the radiative coup1 ings 
Three thermal environment cases were r u n  f o r  the example problem with payload 
power levels s e t  a t  10 watts and  25 watts. Table 6 gives the steady s t a t e  temper- 
ature resu l t s  for  b o t h  the average container temperature (Node 3) and the payload 
temperature (Node 1 2 )  for the moderately cold, earth viewing ( Z L V ) ,  and h o t  cases. 
These cases refer t o  the thermal environments l i s ted  on page 67 of the GAS red book 
for the 5 cubic foot container with the insulated end cap. Temperature levels a re  
also given for  the same payload covered with low emittance aluminum tape. For th i s  
case, the radiative couplings t o  node 1 2 ,  numbers 23 t h r o u g h  27,  are  reduced t o  
0.06 times the i r  original value, corresponding t o  an  aluminum tape emittance of 
0.05. A substantial payload temperature increase resu l t s  from this  change, even 
t h o u g h  the container temperature i s  unaffected. 
The average container temperatures l i s t ed  in Table 6 correspond t o  node 3, 
which i s  an approximate average of nodes 1-5 f o r  t h i s  configuration. None of the 
container temperatures varied by mQre t h a n  0.5 degrees C in this  case. 
loads having large conductive couplings t o  the experiment m o u n t i n g  plate (node 1) 
would yield greater temperature variations within the container. 
Other pay- 
A comparison between GEM and the 3-node thermal model described in the GAS 
Thermal Design Summary (reference 2 )  was also performed. The GAS container tem- 
perature curves shown on pages 69 t h r o u g h  72  of the GAS red book were produced 
u t i l i z ing  the 3-node model. The GEM average container temperatures from Table 6 
are indicated on Figure 3 ,  which i s  excerpted from page 69 of the red book. 
models agree f a i r l y  well, although GEM predicts s l igh t ly  warmer temperature levels 
in a l l  cases. This may resu l t  from the omission of the conduction coupling from 
the GAS container t o  the adapter beam in GEM, which yields a s l ight ly  lower overall 
container heat loss t o  the environment. 
direct ly  included in the 3-node model, i t s  e f fec t  was included in  i t s  overall heat 
transfer coefficient t o  the environment (effect ive emittance). 
leave GEM as i s  rather t h a n  increase i t s  thermal coefficients t o  compensate for  the 
difference. 
suggest t h a t  the thermal coefficient (effect ive emittance) in the 3-node model may 
be too  high. Other f l i g h t  resul ts  tend t o  confirm th i s  as well. 
duced t o  the 3-node model, the effective emittance would be reduced t o  0.056 as 
B o t h  
Although th i s  conduction coupling is not 
I t  was decided to  
Recent indications such as Dr. Werner Neupert's report (reference 4 )  
If GEM were re- 
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s t a t e d  i n  t h e  Thermal Design Summary ( r e f .  2) .  F i n a l  r e s o l u t i o n  o f  t h i s  d i s c r e -  
pancy would r e q u i r e  a d d i t i o n a l  thermal t e s t s  o f  t h e  GAS c o n t a i n e r  i n  i t s  l a t e s t  
c o n f i g u r a t i o n .  
GEM TRANSIENT CONSIDERATIONS 
EXAMPLE 2 
The mass s p e c i f i c  h e a t  va lues f o r  GEM a r e  g i v e n  i n  Table 7. Th is  i n f o r m a t i o n  
i s  r e q u i r e d  i n  o r d e r  t o  per form t r a n s i e n t  thermal analyses w i t h  GEM. The e x p e r i -  
ment payload f rom t h e  prev ious  example (node 12) i s  i n c l u d e d  as a 165 pound payload 
w i t h  a s p e c i f i c  h e a t  o f  0.21 BTU/LB-deg R. 
e a r t h  v iewing,  and hot -33 cases descr ibed i n  Table 1 o f  t h e  GAS/MDA thermal des ign  
gu ide  ( r e f .  3 ) .  The environment temperature (node 11) was s e t  t o  t h e  corresponding 
l e v e l s  l i s t e d  i n  Table 2 o f  t h e  MDA guide. 
coup l ings  a r e  t h e  same as those f rom t h e  prev ious  example f o r  a b l a c k  p a i n t e d  
exper iment payload. The t r a n s i e n t  temperature r e s u l t s  f o r  a 48 hour  no power case 
a r e  g i v e n  i n  Table 8, w i t h  average c o n t a i n e r  (node 3) and exper iment payload (node 
12) temperatures l i s t e d .  The payload temperatures a r e  then p l o t t e d  on F i g u r e  4, 
which i s  excerp ted  f rom t h e  MDA guide. Th is  p l o t  g i v e s  a comparison between t h e  
GEM c o n t a i n e r  model and t h e  SSPTA c losed door MDA model. The two models agree 
q u i t e  w e l l ,  showing t h e  thermal s i m i l a r i t y  between t h e  c losed GAS/MDA c o n t a i n e r  and 
t h e  s tandard c o n t a i n e r  w i t h  t h e  i n s u l a t e d  end cap. 
t h e  GAS/MDA model, which may aga in  be due t o  t h e  omiss ion o f  t h e  conductance t o  t h e  
adapter  beam as d iscussed p r e v i o u s l y .  
Th is  c o n f i g u r a t i o n  was r u n  f o r  t h e  co ld ,  
The conduct ive  and r a d i a t i v e  thermal 
GEM runs  s l i g h t l y  warmer than 
EXAMPLE 3 
Another comparison was r u n  f o r  t h e  t r a n s i e n t  cooldown o f  t h e  GAS/EMP e x p e r i -  
The EMP was a 200 pound payload t h a t  was c o n d u c t i v e l y  i s o l a t e d  
ment on t h e  STS-61C miss ion .  
da ta  was made. 
from, b u t  r a d i a t i v e l y  coupled t o  t h e  GAS conta iner .  
approximate f a s h i o n  u s i n g  t h e  same exper iment payload model c i t e d  i n  t h e  prev ious  
examples. 
mass s p e c i f i c  h e a t  o f  node 12'was increased t o  42.0 BTU/deg R, assuming a payload 
s p e c i f i c  h e a t  o f  0.21 BTU/LB-deg R. 
u l a t e d .  T h e  s t a r t i n g  t e m p e r a t u r e  was 19.5 C and node 11 was s e t  a t  -5 C ( e a r t h  
v iewing  environment)  f o r  t h e  f i r s t  12 hours and t o  -50 C (moderate ly  c o l d  con- 
d i t i o n )  f o r  t h e  n e x t  12 hours. Table 9 g i v e s  t h e  t r a n s i e n t  temperature r e s u l t s  f o r  
t h e  average c o n t a i n e r  (node 3)  and t h e  exper iment payload (node 12) thermal l e v e l s .  
(Note t h a t  t h i s  i s  a no power cooldown c o n d i t i o n ) .  The GEM payload temperatures 
(node 12) a r e  i n d i c a t e d  on F igure  5 which i s  t h e  EMP temperature p r o f i l e  f o r  STS- 
61C ( r e f .  5 ) .  E x c e l l e n t  agreement between t h e  GEM p r e d i c t i o n s  and a c t u a l  f l i g h t  
r e s u l t s  i s  demonstrated. F i g u r e  5 a l s o  shows t h a t  a f t e r  t h e  EMP reached 7 deg C, 
i t s  heaters  began t o  c y c l e  t o  m a i n t a i n  i t s  temperature near  7 C throughout  a 
v a r i e t y  o f  s h u t t l e  thermal c o n d i t i o n s .  T h i s  i s  an example o f  t h e  t i g h t  thermal 
c o n t r o l  t h a t  can be achieved w i t h  t h e  use o f  thermal c o n t r o l  heaters  and thermo- 
s t a t s .  
T h i s  t ime a comparison between GEM and a c t u a l  f l i g h t  
EMP was model led i n  an 
The r a d i a t i v e  and conduct ive  coup l ings  were l e f t  unchanged, b u t  t h e  
The f i r s t  24 hours o f  t h e  m i s s i o n  were sim- 
CONTAINER WITHOUT THE INSULATED END CAP 
The GAS c o n t a i n e r  w i t h o u t  t h e  i n s u l a t e d  end cap i s  e a s i l y  model led by making 
minor  m o d i f i c a t i o n s  t o  GEM. Nodes 9 and 10 r e p r e s e n t i n g  t h e  t o p  i n s u l a t e d  end cap 
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a r e  removed as shown i n  F i g u r e  6. GEM now becomes t h e  GAS Nine node Model, o r  GNM. 
The conduct ive  and r a d i a t i v e  coup l ings  assoc ia ted  w i t h  nodes 9 and 10 a r e  a l s o  r e -  
moved, and a r a d i a t i v e  c o u p l i n g  between t h e  t o p  mount ing p l a t e  (node 1) and t h e  en- 
v i ronment (node 11) i s  added. S p e c i f i c a l l y ,  conduct ive  coup l ings  #5 and #8 a r e  r e -  
moved from Table 2 and r a d i a t i v e  coup l ings  #1, # 2 ,  #11, and #12 a r e  removed f rom 
Table 3. A r a d i a t i v e  c o u p l i n g  f rom node 1 t o  node 11 w i t h  a v a l u e  o f  2.34 FT**2 
should be added t o  Table 3. For t h e  t r a n s i e n t  model, t h e  mass s p e c i f i c  h e a t  va lues 
f o r  nodes 9 and 10 should be removed f rom Table 7. 
EXAMPLE 4 
GNM was r u n  u s i n g  t h e  same exper iment payload model (node 12) t h a t  was used 
f o r  t h e  prev ious  examples. 
were r u n  f o r  exper iment power l e v e l s  o f  10, 25, and 50 watts .  Node 11 was s e t  t o  
t h e  corresponding boundary temperatures l i s t e d  on page 67 o f  t h e  GAS r e d  book f o r  
t h e  5 c u b i c  f o o t  c o n t a i n e r  w i t h o u t  t h e  i n s u l a t e d  end cap. 
r e s u l t s  f o r  t h e  c o n t a i n e r  t o p  p l a t e  (node l ) ,  t h e  average c o n t a i n e r  temperature 
(node 3), and t h e  exper iment payload (node 1 2 )  a r e  l i s t e d  i n  Table 10. 
l a r g e r  g r a d i e n t s  a r e  e v i d e n t  throughout  t h e  GAS c o n t a i n e r  as compared t o  t h e  GEM 
values. 
a r e  h i g h e r  too.  
s u i t e d  f o r  those exper iments t h a t  have h i g h  cont inuous power d i s s i p a t i o n s  and/or 
d e s i r e  1 ower temperature 1 eve1 s. 
The moderate ly  c o l d ,  e a r t h  v iewing  (ZLV), and h o t  cases 
Steady s t a t e  temperature 
Much 
The power l e v e l s  r e q u i r e d  t o  m a i n t a i n  a s p e c i f i c  payload temperature l e v e l  
Th is  shows t h a t  a c o n t a i n e r  w i t h o u t  t h e  i n s u l a t e d  end cap i s  b e s t  
The average c o n t a i n e r  temperatures (node 3) o f  GNM were compared t o  t h e  3 node 
model ( r e f .  2)  as w e l l .  
10 p l o t t e d  on t h e  temperature curves excerp ted  f rom page 71 o f  t h e  GAS r e d  book f o r  
t h e  c o n t a i n e r  w i t h o u t  t h e  i n s u l a t e d  end cap. GNM, l i k e  GEM p r e d i c t s  s l i g h t l y  
warmer temperatures t h a t  t h e  3 node model, a l though reasonable agreement i s  ev ident ,  
e s p e c i a l l y  a t  t h e  lower  power l e v e l s .  The reason f o r  t h e  d iscrepancy i s  p robab ly  
due t o  t h e  c o n t a i n e r - t o - t o p - p l a t e  thermal g r a d i e n t ,  which becomes e s p e c i a l l y  pro-  
nounced a t  h i s h e r  power l e v e l s .  
o n l y  an average temperature f o r  t h e  e n t i r e  c o n t a i n e r .  
conductance t o  t h e  adapter  beam i s  v e r y  minor  i n  t h i s  case due t o  t h e  l a r g e  dominant 
r a d i a t i v e  c o u p l i n g  f rom t h e  c o n t a i n e r  t o p  p l a t e  t o  t h e  environment. 
F i g u r e  7 shows t h e  GNM c o n t a i n e r  temperatures from Table 
The 3 node model does n o t  show t h i s  s i n c e  i t  g i v e s  
The e f f e c t  o f  t h e  l a c k  o f  
GNM TRANS I ENT CONS I DERATIONS 
EXAMPLE 5 
T r a n s i e n t  cooldown cases ( n o  power) were r u n  f o r  t h e  p r e v i o u s  example problem 
f o r  t h e  c o l d  and e a r t h  v iewing  (ZLV) cases. 
a t u r e  r e s u l t s  f o r  nodes 1, 3 and 1 2  f o r  a 48 hour cooldown. Node 11 was 
ARBITRARILY s e t  t o  t h e  boundary c o n d i t i o n s  used i n  Table 8 f o r  t h e  GEM t r a n s i e n t  
case o f  example 2, so t h a t  a comparison cou ld  be made between GEM and GNM. 
a comparison o f  t h e  two c o n t a i n e r  c o n f i g u r a t i o n s  was accomplished, showing t h e  
d i f f e r e n t  t r a n s i e n t  thermal behav io r  of each. For YOUR thermal a n a l y s i s  and design, 
node 11 should be s e t  t o  t h e  boundary c o n d i t i o n s  l i s t e d  on page 67 o f  t h e  r e d  book 
f o r  t h e  5 c u b i c  f o o t  c o n t a i n e r  w i t h o u t  t h e  i n s u l a t e d  end cap. 
Table 11 g ives  t h e  t r a n s i e n t  temper- 
Thus, 
F i g u r e  8 i s  a p l o t  o f  t h e  average c o n t a i n e r  temperature (node 3 )  f rom GEM and 
GNM f o r  t h e  c o l d  and e a r t h  v iewing  (ZLV) cases. 
t a i n e r  w i t h o u t  t h e  i n s u l a t e d  end cap responds much more q u i c k l y  t o  a g i v e n  thermal 
These curves show t h a t  t h e  con- 
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environment, f u r t h e r  demonstrat ing t h e  d i f f e r e n t  thermal behav io r  o f  t h e  two con- 
t a i n e r  c o n f i g u r a t i o n s .  The 2-node t r a n s i e n t  model descr ibed i n  t h e  GAS Thermal 
Design Summary ( r e f e r e n c e  2) was a l s o  analyzed f o r  these cases. The r e s u l t s  o f  
t h i s  a n a l y s i s  a r e  i n d i c a t e d  on F i g u r e  8. The agreement w i t h  GEM i s  good, b u t  com- 
p a r i s o n  w i t h  GNM shows t h a t  w i t h  GNM p r e d i c t s  warmer temperatures than t h e  2-node 
model. The 2-node model does n o t  i n c l u d e  t h e  i n f l u e n c e  o f  l a r g e  thermal g r a d i e n t s  
w i t h i n  t h e  c o n t a i n e r  t h a t  r e s u l t  f rom t h e  removal of t h e  i n s u l a t e d  end cap. 
should t h e r f o r e  be i n h e r e n t l y  more accura te  than t h e  2-node model, which o n l y  pro-  




v e r i  
t h a t  
smal 
t h e  
Thermal models o f  t h e  GAS c o n t a i n e r  b o t h  w i t h  and w i t h o u t  an n s u l a t e d  end cap 
been presented. 
y t h e i r  thermal computations. Th is  i n f o r m a t i o n  should a s s i s t  those GAS users  
r e q u i r e  more accura te  thermal analyses than t h a t  p r e v i o u s l y  a v a i l a b l e  f rom t h e  
e r  models. T h i s  i n f o r m a t i o n  i s  e s p e c i a l l y  p e r t i n e n t  t o  t h e  c o n t a i n e r  w i t h o u t  
n s u l a t e d  end cap, s i n c e  l a r g e  thermal g r a d i e n t s  can e x i s t  w i t h i n  t h e  c o n t a i n e r .  
Examples have been prov ided f o r  each case so t h a t  users  can 
Users a r e  caut ioned t h a t  t h i s  model i s  NOT p e r f e c t  o r  exact.  Uni  
c o n f i g u r a t i o n s  and v a r i a t i o n s  i n  s h u t t l e  o r b i t s  can a f f e c t  t h e  thermal 
s u b s t a n t i a l l y .  A +/- 10 deg C u n c e r t a i n i t y  should be a p p l i e d  t o  t h e  1 
a tu res ,  and payloads should be designed w i t h  enough marg in  t o  overcome 
o t h e r  u n c e r t a i n i t i e s .  
ue pay load 
env i ronmen t 
s ted  temper- 
these and 
GOOD LUCK WITH YOUR THERMAL DESIGN 
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TABLE 1 
GAS ELEVEN NODE THERMAL MODEL (GEM) 
NODAL LISTING 
1. 
2. Cylinder Upper Section 
3.  Cylinder Middle Section 
4. Cylinder Lower Section 
5. Container Bottom - Interface Equipment Plate 
6. Bottom Insulated End Cap Disc 
7. Bottom Insulated End Cap Side 
8. Container Side Insulation 
9. Top Insulated End Cap Side 
10. Top Insulated End Cap Disc 
11. Thermal Environment 
12. Example Experiment Pay1 oad 
Container Top - Experiment Mounting Plate 
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TABLE 2 
























1 - 2  
2 - 3  
3 - 4  
4 - 5  
1 - 9  
5 - 7  
6 - 7  
9 - 10 
TABLE 3 
GEM EXTERNAL RADIATION COUPLINGS 
COUPLING 
1 - 9  
1 - 10 
2 - 8  
3 - 8  
4 - 8  
5 - 6  
5 - 7  
6 - 11 
7 - 11 
8 - 11 
9 - 11 
10 - 11 
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TABLE 4 
GEM INTERNAL RADIATION COUPLINGS 
NO PAYLOAD - EMPTY CONTAINER 
COUPLING 
1 - 2  
1 - 3  
1 - 4  
1 - 5  
2 - 3  
2 - 4  
2 - 5  
3 - 4  
3 - 5  






























GEM INTERNAL RADIATIVE COUPLINGS 
EXAMPLE EXPERIMENT PAYLOAD (NODE 12) 
COUPLING 
1 - 2  
1 - 3  
1 - 4  
1 - 5  
2 - 3  
2 - 4  
2 - 5  
3 - 4  
3 - 5  
4 - 5  
1 - 12 
2 - 12 
3 - 12 
4 - 12  



















POWER = 10 WATTS 
CONTAINER 
PAY LOAD (BLACK) 
PAYLOAD ( AL TAPE) 
POWER = 25 WATTS 
CONTAINER 
PAYLOAD (BLACK) 
PAYLOAD ( A L  TAPE) 
TABLE 6 
GEM STEADY STATE TEMPERATURES (DEG. C )  
EXAMPLE 1 
MODERATELY COLD EARTH V I  EW I NG 
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GEM TRANSIENT TEMPERATURES (DEG C )  
EXAMPLE 2 
COLD EARTH VIEWING HOT 
ENVIRONMENT -75.8 -8.9 45.2 
T I M E  CON TA I N ER PAY LOAD CONTAINER PAYLOAD CONTAINER PAYLOAD 
0 20.0 20.0 20.0 20 .o 20.0 20.0 
8 8.8 13.2 15.4 17.2 25.4 23.6 
16 1 .o 5.1 12.2 13.8 28.8 27.3 
( HRS 1 
24 -5.8 -1.9 9.5 10.9 31.7 30.5 
32 -11.8 -8.0 7.2 8.5 34.1 33.1 
40 -17 .O -13.5 5.2 6.3 36.0 35.2 
48 -21.7 -18.4 3.5 4.4 37.7 37 .O 
TABLE 9 
GEM TRANSIENT TEMPERATURES (DEG C) 
EXAMPLE 3 

















24 4.0 7.6 
NOTE: The environment temperature (node 11) was held at -5 deg C for hours 
0 - 12 and at -50 deg C for hours 12 - 24. 
159 
ENVIRONMENT 




POWER = 25 WATTS 
TOP PLATE 
CONTA I N  ER 
PAY LOAD 


















































































TOP PLATE CONTAINER 















The environment temperature (node  11) was a r b i t r a r i l y  set  t o  the 
temperatures shown fo r  comparison purposes only. 
s e t  node 11 t o  the environment temperatures l i s t e d  on page 67 o f  the 
GAS red book f o r  the  container without the insulated end cap. 
GNM users shou ld  
161 
10 
I 1  
(ENV.) 
6 
Figure 1. GAS 5 ft3 Container Thermal Model (with Insulated End Cap) 
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Figure 2. GAS 5 ft3 Container Thermal Model (with Insulated End Cap) 
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Figure 5. EMP Temperature Results STS 61€, January, 1986 
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Figure 8. GAS Models with 165# Payload Container Temperatures 
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